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(57) ABSTRACT 

A multi-spectral sensor system and methods are disclosed. 
One aspect of the invention comprises a multi-spectral 
sensor system mountable to a mobile platform. The system 
may comprise an image capturing system, a ?rst translation 
stage affixed to the image capturing system and a stationary 
optics assembly. The system may further comprise a motion 
controller con?gured to move the ?rst translation stage and 
image capturing system across the stationary optics along a 
traveling direction opposite of a traveling direction of the 
mobile platform and at substantially the same rate as the 
mobile platform is moving during a stare operation. 
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MULTI-SPECTRAL SENSOR SYSTEM AND 
METHODS 

TECHNICAL FIELD 

[0001] The present invention relates generally to imaging, 
and more particularly to a multi-spectral sensor system and 
methods. 

BACKGROUND 

[0002] Hyperspectral and mutispectral imaging systems 
have been employed for aerial reconnaissance and surveil 
lance applications employing an image capturing array, such 
as a Focal Plane Array (FPA) of an area array format. 
Hyperspectral imaging systems refer to those in Which 
radiation at thirty or more discrete Wavelengths are imaged. 
Imagers that image a lesser but plural number of spectral 
bands are referred to as multispectral imagers. These sys 
tems are used in various applications, including Department 
of Defense airborne and satellite systems and commercial 
land resource management imaging systems. Typically, 
these imaging systems are mounted onto a mobile platform 
and images are captured as the mobile platform is moving 
past the scene of interest. 
[0003] In a typical operation, the hyperspectral or multi 
spectral system is moved over the scene of interest either by 
moving the entire system (i.e., “pushbroom”) or by move 
ment of a scan mirror or gimbal at the same rate as the 

mobile platform is moving. Moving a scan mirror or gimbal 
at the same rate as the mobile platform mitigates smearing 
of the captured image, that is, such techniques perform 
ForWard Motion Compensation (FMC). HoWever, both of 
these FMC methodologies have complex opto-mechanical 
implementations that in general add siZe, Weight, poWer, and 
cost to the airborne payload. 

SUMMARY 

[0004] One aspect of the invention comprises a multi 
spectral sensor system mountable to a mobile platform. The 
system may comprise an image capturing system, a ?rst 
translation stage af?xed to the image capturing system and 
a stationary optics assembly. The system may further com 
prise a motion controller con?gured to move the ?rst trans 
lation stage and image capturing system across the station 
ary optics along a ?rst orthogonal axis to compensate for 
mobile platform motion during a stare operation. 
[0005] Another aspect of the system relates to a multi 
spectral sensor system mountable to a mobile platform and 
having an image detector array and a stationary optical 
assembly. The system may comprise means for moving the 
image detector array along a ?rst orthogonal axis to com 
pensate for mobile platform motion during a stare operation, 
and means for controlling the means for the image detector 
array along a ?rst orthogonal axis to compensate for mobile 
platform motion during a stare operation. 
[0006] Another aspect of the invention relates to a meth 
odology for capturing an image from a multi-spectral sensor 
system mounted to a mobile platform. The multi-spectral 
sensor system may have an image detector array having a 
plurality of spectral regions de?ned by respective spectral 
?lters. The methodology may comprise scanning a ?rst 
spectral region of the image detector array over a central axis 
of a stationary optical assembly from a ?rst starting stare 
position to a ?rst ending stare position and capturing a ?rst 
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set of pixel values from the image detector array, storing the 
?rst set of captured pixel values from the image detector 
array and moving the image detector array to a second 
starting stare position. The methodology may further com 
prise scanning a second spectral region of the image detector 
array over a central axis of a stationary optical assembly 
from the second starting stare position to a second ending 
stare position and capturing a second set of pixel values from 
the image detector array. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] FIG. 1 illustrates a block diagram of a reconnais 
sance or surveillance system in accordance With an aspect of 
the present invention. 
[0008] FIG. 2 illustrates translation of an image capturing/ 
stage assembly during a stare operation in accordance With 
an aspect of the present invention. 
[0009] FIG. 3 illustrates translation of an image capturing/ 
stage assembly during a step operation in accordance With 
an aspect of the present invention. 
[0010] FIG. 4 illustrates a block diagram of an image 
detector array in accordance With an aspect of the present 
invention. 
[0011] FIG. 5 illustrates a ?rst starting stare position for 
scanning a ?rst spectral region of the image detector array 
over a central axis of a stationary optics in accordance With 
an aspect of the present invention. 
[0012] FIG. 6 illustrates a ?rst ending stare position for 
scanning a ?rst spectral region of the image detector array 
over a central axis of a stationary optics in accordance With 
an aspect of the present invention. 
[0013] FIG. 7 illustrates a second starting stare position 
for scanning a second spectral region of the image detector 
array over a central axis of a stationary optics in accordance 
With an aspect of the present invention. 
[0014] FIG. 8 illustrates a second ending stare position for 
scanning a second spectral region of the image detector 
array over a central axis of a stationary optics in accordance 
With an aspect of the present invention. 

DETAILED DESCRIPTION 

[0015] FIG. 1 illustrates a block diagram of a reconnais 
sance or surveillance system 10 in accordance With an aspect 
of the present invention. The system 10 includes a multi 
spectral sensor system 12 mounted to a mobile platform 28. 
The platform 28 may be an aircraft, helicopter, dirigible 
(in?atable), ground, or surface maritime vehicle, and may be 
either manned or unmanned. The multi-spectral sensor sys 
tem 12 includes a motion control 24 that controls the scan 
motion of an image capturing system 18 across a stationary 
optics assembly 26 via a Y-axis translation stage 16 and an 
X-axis translation stage 14. The stationary optics assembly 
can be, for example, a simple lens. The direction of travel of 
the Y-axis translation stage 16, the direction of travel of the 
X-axis translation stage 14, and the optical axis of the 
stationary optics 26 form three orthogonal axes. The multi 
spectral sensor system 12 is positioned on the mobile 
platform 10 in a manner that alloWs the stationary optics 26 
and image capturing system 18 to vieW the ground at or near 
nadir, While alloWing the Y-axis translation stage 16 and the 
X-axis translation stage 14 to compensate platform motions 
projected to the focal plane of the image detector array 22 in 
the Y-direction and X-direction, respectively. 
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[0016] The image capture system 18 includes an image 
detector array 22 and an image processor 20. The image 
detector array 22, the image processor 20, the Y-axis trans 
lation stage 16 and the X-axis translation stage 14 form an 
image capturing/stage assembly all of Which moves during 
an image scan and return operation, Which can be referred to 
as a stare operation (image capturing operation) and step 
operation (return for next image capturing operation). The 
image detector array 22 senses the image, Which is captured 
during a stare operation by the image processor 20. The 
image processor 20 can then provide image information to 
a remote location, via one or more data ports (not shoWn). 
The image processor 20 can include other functionality for 
enhancing and otherWise processing the imagery if this is 
desired. It is to be appreciated that a portion of the image 
processor 20 could be remotely located from the image 
capturing system 18. 
[0017] For forWard motion compensation, the image cap 
turing system 18 is moved by the motion control 24 and 
Y-axis translation stage 16 across the stationary optics 26 at 
a rate directly corresponding to the image motion induced by 
forWard movement in the direction of the mobile platform 
heading. The image motion rate can be inferred from a 
platform position, velocity and orientation (PVO) monitor 
30 residing on the mobile platform. The PVO monitor may 
include an altimeter to measure platform height above 
ground level (AGL), or alternatively, may rely on a height 
above sea level (e.g., using GPS) and terrain knowledge to 
infer height AGL. The image motion rate induced by aircraft 
forWard motion can be inferred from readings from an 
inertial navigation system (INS) on the aircraft combined 
With the measurement or estimation of height AGL. The 
image motion rates induced by platform rotational (inertial) 
rates can be inferred from readings from an inertial mea 
surement unit (IMU), Which may be contained Within the 
INS. 

[0018] It is to be appreciated that the stages do not move 
at the same rate as the platform, but move at a substantially 
sloWer rate (e.g., ~l00-200 times sloWer), Which is at the 
same rate as the apparent image motion. For example, the 
apparent image motion can be computed as the platform 
(ground) speed divided by the altitude (AGL) times the focal 
length of the stationary optics 26. 
[0019] Altemately, the aggregate linear and inertial 
motion can be directly measured by the imaging capturing 
system 18 and motion control 24 (e.g., using a correlation 
algorithm to measure the displacement of features contained 
Within the image). By moving the image detector array 22 
commensurate With the image motion, the image is effec 
tively stationary relative to the image detector array 22, thus 
eliminating smearing due to either/both of detector integra 
tion and detector bandWidth limitations (e.g., the thermal 
time constant of a bolometric type infrared sensor). 
[0020] The motion control 24 and Y-axis translation stage 
16 can also compensate for relative pitch (i.e., pitch in the 
Y-direction of the image plane), and is con?gured to repeat 
edly scan the image detector array 22 across the stationary 
optics during a stare operation and return to its original 
position or a neW stare starting position in a step operation. 
The motion control 24 and X-axis translation stage 14 can 
compensate for relative (image plane) roll in addition to 
non-Zero heading of the mobile platform 28. For example, 
the motion control 24 and X-axis translation stage 14 can 
compensate for the crab angle of an aircraft during forWard 
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motion compensation. Additionally, the employment of the 
X-axis translation stage 14 alloWs for relatively simple and 
easy alignment of the multi-spectral sensor system 12 With 
out undue regard for its rotational alignment to the platform 
in the X-Y plane. The Y-axis translation stage 16 and the 
X-axis translation stage 14 can be, for example, high pre 
cision pieZoelectric actuators, stepper motors or some other 
linear actuating device. 
[0021] In an alternate aspect of the present invention, the 
X-axis translation stage 14 can be replaced With a rotation 
(“Theta”) stage atop the Y-axis translation stage 16. The 
rotation stage serves to orient the -axis translation stage 16, 
the image processor 20, and the image detector array 22 in 
the direction of the platform heading. Thus, only a single 
Y-axis translation stage is required to perform forWard 
motion compensation, and secondarily, compensation of 
platform pitch projected to the image plane. The rotation 
stage con?guration does not alloW for compensation of 
platform roll projected to the image plane. HoWever, it 
alleviates the accelerations and therefore the poWer required 
to drive the X-axis stage in the presence of platform roll or 
non-Zero heading. Additionally, the rotational stage can have 
very loW bandWidth, since the crab angle does not change 
very rapidly. 
[0022] The image detector array 22 can be, for example, a 
focal plane array (FPA) With a plurality of spectral ?lters 
arranged on the FPA in blocks to form a plurality of spectral 
regions. Each spectral region can contain a block of pixels. 
The plurality of spectral ?lters can be selected to alloW light 
to pass through at different spectral bands that can vary from 
the ultra-violet to infra-red bands include both visible and 
invisible bands. For example, each spectral region contains 
a unique spectral ?lter positioned atop the FPA (i.e., betWeen 
the detector elements and the optic). It is to be appreciated 
that other detector array types can be employed to detect the 
image. 
[0023] In one aspect of the invention, the multi-spectral 
sensor system is con?gured to provide time-multiplexed 
multi-spectral imaging. The folloWing is an example of a 
time-multiplexed multi-spectral imaging methodology for 
an image detector array that is divided into a ?rst spectral 
region and a second spectral region via respective ?lters. 
The image capturing/ stage assembly can be rapidly shifted 
from to the ?rst spectral region to the second spectral region, 
as folloWs. 

[0024] The ?rst spectral region of the image detector array 
22 is scanned over a central axis of the stationary optics 26, 
the image is captured by the image detector array 22, and the 
pixels values are stored in a buffer (not shoWn) of the image 
processor 20. The pixels associated With the ?rst spectral 
region are read out and processed as a ?rst spectral image to 
form a ?rst strip map. The second spectral region of the 
image detector array 22 is then scanned over a central axis 
of the stationary optics, 26 the image is captured by the 
image detector array 22, and the pixels values are stored in 
a buffer (not shoWn) of the image processor 20. The pixels 
associated With the second spectral region are read out and 
processed as a second spectral image to form a second strip 
map. The ?rst and second strip map provides substantially 
identical perspectives of the imaged scene (e.g., ground 
sWath) but at different spectral Wavelengths that can be 
employed for comparative analysis. It is to be appreciated 
that this process can be extended to several additional 
spectral regions subject to the constraints of the bandWidth 



US 2008/0001066 A1 

of the translation stages, the rapidity of image motion, and 
the required overlap of captured images. 
[0025] FIGS. 2-3 illustrate translation of an image captur 
ing/stage assembly 40 in both a stare and step operation in 
accordance With an aspect of the present invention. The 
image capturing/ stage assembly 40 includes an image detec 
tor array 48 (e.g., FPA), an image processor 46 that may be 
integral to the FPA or that may be separate circuit boards, a 
Y-axis translation stage 44 and an X-axis translation stage 
42. The image capturing/stage assembly 40 is moved across 
a stationary optics assembly 50 (e.g., lens) during stare and 
step operations. As illustrated in FIG. 2, the image capturing/ 
stage assembly 40 is scanned over a central axis of the 
stationary optics assembly 50 along a ?rst orthogonal axis 
(Y-axis) and at the same rate as the image motion apparent 
to the FPA. The apparent image motion is a function of the 
platform ground speed, the height AGL, and the focal length 
of the optics. During this time, the image detector array 48 
is capturing pixels of the image to be processed. During the 
stare operation, the Y-axis translation stage 44 and an X-axis 
translation stage 42, Which can move the image detector 
array 48 along a second orthogonal axis Qi-axis) that is 
transverse to the ?rst orthogonal axis, can be employed to 
compensate for the linear image motion induced by platform 
pitch and roll, in addition to the platform forWard motion at 
any heading. As illustrated in FIG. 3, the image capturing/ 
stage assembly 48 is scanned back over the central axis of 
the stationary optics assembly in generally the same direc 
tion as the mobile transport is moving during a step opera 
tion for performing an additional scan. During this time, the 
image detector array 48 is not capturing pixels of the image 
to be processed. The optical axis of the stationary optics 50 
from a third orthogonal axis (Z-axis). 
[0026] FIG. 4 illustrates a block diagram of an image 
detector array 60 in accordance With an aspect of the present 
invention. The image detector array 60 assembly includes a 
plurality of spectral ?lters (#1 -#N) 62 arranged on an FPA 64 
in blocks to form a plurality of spectral regions, Where N is 
greater than or equal to tWo and limited by the constraints of 
the bandWidth of the translation stages, the rapidity of image 
motion, and the required overlap of captured images as 
previously stated. The plurality of spectral ?lters 62 are 
selected to alloW light to pass through at different spectral 
bands. It is to be appreciated that the spectral ?lters 62 need 
not be af?xed to the top of the FPA 64, as long as it is 
disposed betWeen the FPA 64 and a stationary optics assem 
bly. 
[0027] FIGS. 5-8 illustrate positions of an image detector 
array 82 during a time-multiplexed multi-spectral image 
capturing methodology in accordance With an aspect of the 
present invention. The image detector array 82 includes a 
?rst spectral region 84 and a second spectral region 86 via 
respective ?lters, as illustrated in FIG. 4. FIG. 5 illustrates 
a starting stare position 70 for the ?rst spectral region 84 of 
the image detector array 82 as a ?rst end portion of the ?rst 
spectral region 84 is positioned over a central axis 88 of the 
stationary optics 80. FIG. 6 illustrates an ending stare 
position 72 for the ?rst spectral region 84 of the image 
detector array 82 as a second end portion of the ?rst spectral 
region 84 is positioned over a central axis 88 of the station 
ary optics 80. The displacement occurring in the position of 
the image detector array betWeen that indicated in FIG. 5 
and that indicated in FIG. 6 is due to the forWard motion 
compensation procedure in accordance With an aspect of the 
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present invention. During the starting stare position 70 and 
ending stare position 72 for the ?rst spectral region 84, the 
image is captured by the image detector array 82, and the 
pixels values are stored in a bulfer, as previously discussed. 
The pixels associated With the ?rst spectral region 84 are 
read out and processed as a ?rst spectral image With the 
remaining pixel values being ignored. 
[0028] A step operation is then performed to move the 
second spectral region 86 to a starting stare position 74, such 
that a ?rst end of the second spectral region 86 is positioned 
over the central axis 88 of the stationary optics 80, as 
illustrated in FIG. 7. FIG. 8 illustrates an ending stare 
position 76 for the second spectral region 86 of the image 
detector array 82 as a second end portion of the second 
spectral region 86 is positioned over the central axis 88 of 
the stationary optics 82. The displacement occurring in the 
position of the image detector array betWeen that indicated 
in FIG. 7 and that indicated in FIG. 8 is due to the forWard 
motion compensation procedure in accordance With an 
aspect of the present invention. During the starting stare 
position 74 and ending stare position 76 for the second 
spectral region 86, the image is captured by the image 
detector array 82, and the pixels values are stored in a bulfer, 
as previously discussed. The pixels associated With the 
second spectral region 86 are read out and processed as a 
second spectral image With the remaining pixel values being 
ignored. Another step operation is performed to move the 
image detector array 82 to the position 70 illustrated in FIG. 
5 and repeat the stare and step operation methodology. 
[0029] What have been described above are examples of 
the present invention. It is, of course, not possible to 
describe every conceivable combination of components or 
methodologies for purposes of describing the present inven 
tion, but one of ordinary skill in the art Will recogniZe that 
many further combinations and permutations of the present 
invention are possible. Accordingly, the present invention is 
intended to embrace all such alterations, modi?cations and 
variations that fall Within the spirit and scope of the 
appended claims. 
What is claimed is: 
1. A multi-spectral sensor system mountable to a mobile 

platform, the system comprising: 
an image capturing system; 
a ?rst translation stage af?xed to the image capturing 

system; 
a stationary optics assembly; and 
a motion controller con?gured to move the ?rst transla 

tion stage and image capturing system across the sta 
tionary optics along a ?rst orthogonal axis to compen 
sate for mobile platform motion during a stare 
operation. 

2. The system of claim 1, further comprising a second 
translation stage affixed to the ?rst translation stage con?g 
ured to move the stationary optics along a second orthogonal 
axis transverse to the ?rst orthogonal axis to compensate for 
roll and non-Zero headings of the mobile platform during a 
stare operation. 

3. The system of claim 2, Wherein the ?rst translation 
stage and the second translation stage are pieZoelectric 
actuators. 

4. The system of claim 1, further comprising a rotational 
stage af?xed to the ?rst translation stage con?gured to rotate 
the stationary optics to compensate for roll and non-Zero 
headings of the mobile platform during a stare operation. 
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5. The system of claim 1, wherein the motion controller 
is further con?gured to move the ?rst translation stage to 
compensate for pitch of the mobile platform during a stare 
operation. 

6. The system of claim 1, Wherein the image capturing 
system comprises an image detector array having a plurality 
of spectral regions de?ned by respective spectral ?lters. 

7. The system of claim 6, Wherein the motion controller 
is further con?gured to sequentially move a respective 
spectral region of the image detector array across a central 
axis of the stationary optics during a respective stare opera 
tion to capture a respective image to be processed. 

8. The system of claim 7, further comprising an image 
processor that sequentially processes pixel values of a 
respective spectral region associated With a respective cap 
tured image during a respective stare operation. 

9. The system of claim 8, Wherein the image processor 
ignores pixel values outside the respective spectral region 
during processing of the respective spectral region. 

10. The system of claim 1, Wherein the image capturing 
system comprises a focal plane array (FPA). 

11. A multi-spectral sensor system mountable to a mobile 
platform and having an image detector array and a stationary 
optics assembly, the system comprising: 
means for moving the image detector array across the 

stationary optics along a ?rst orthogonal axis to com 
pensate for mobile platform motion during a stare 
operation; and 

means for controlling the means for moving the image 
detector array across the stationary optics along the ?rst 
orthogonal axis to compensate for mobile platform 
motion during a stare operation. 

12. The system of claim 11, further comprising means for 
moving the image detector array along a second orthogonal 
axis transverse to the ?rst orthogonal axis to compensate for 
roll and non-Zero headings of the mobile platform during a 
stare operation. 

13. The system of claim 11, further comprising means for 
rotating the image detector array to compensate for roll and 
non-Zero headings of the mobile platform during a stare 
operation. 

14. The system of claim 11, Wherein the means for 
moving the image detector array across the stationary optics 
along a ?rst orthogonal axis is further con?gured to com 
pensate for pitch of the mobile platform during a stare 
operation. 

15. The system of claim 11, Wherein the image detector 
array comprises an image detector array having a plurality of 
spectral regions de?ned by respective spectral ?lters. 

16. The system of claim 15, Wherein the means for 
controlling is further con?gured to sequentially move a 
respective spectral region of the image detector array across 
a central axis of the stationary optics during a respective 
stare operation to capture a respective image to be pro 
cessed. 

17. The system of claim 16, further comprising means for 
sequentially processing pixel values of a respective spectral 

Jan. 3, 2008 

region associated With a respective captured image during a 
respective stare operation, Wherein the means for processing 
ignores pixel values outside the respective spectral region 
during processing of the respective spectral region. 

18. A methodology for capturing an image from a multi 
spectral sensor system mounted to a mobile platform, the 
multi-spectral sensor system having an image detector array 
having a plurality of spectral regions de?ned by respective 
spectral ?lters, the methodology comprising: 

scanning a ?rst spectral region of the image detector array 
over a central axis of a stationary optical assembly from 
a ?rst starting stare position to a ?rst ending stare 
position and capturing a ?rst set of pixel values from 
the image detector array; 

storing the ?rst set of captured pixel values from the 
image detector array; 

moving the image detector array to a second starting stare 
position; and 

scanning a second spectral region of the image detector 
array over a central axis of a stationary optical assem 
bly from the second starting stare position to a second 
ending stare position and capturing a second set of 
pixel values from the image detector array. 

19. The method of claim 18, further comprising process 
ing a portion of the ?rst set of captured values associated 
With the ?rst spectral region to form a ?rst strip map and 
processing a portion of the second set of captured values 
associated With the second spectral region to form a second 
strip map. 

20. The method of claim 18, Wherein the scanning a ?rst 
spectral region and scanning a second spectral region com 
prises scanning at a rate along a ?rst orthogonal axis that 
compensates for mobile platform motion during a stare 
operation. 

21. The method of claim 20, Wherein the scanning a ?rst 
spectral region and scanning a second spectral region further 
comprises adjusting the scanning rate along the ?rst 
orthogonal axis to compensate for pitch of the mobile 
platform. 

22. The method of claim 20, Wherein the scanning a ?rst 
spectral region and scanning a second spectral region further 
comprises moving the image detector array along a second 
orthogonal axis transverse to the ?rst orthogonal axis to 
compensate for roll and non-Zero headings of the mobile 
platform. 

23. The method of claim 20, Wherein the scanning a ?rst 
spectral region and scanning a second spectral region further 
comprises rotating the image detector array to compensate 
for roll and non-Zero headings of the mobile platform. 

24. The method of claim 18, further comprising sequen 
tially scanning additional spectral regions of the image 
detector array over a central axis of a stationary optical 
assembly from a starting stare position to an ending stare 
position and capturing a set of pixel values from the image 
detector array associated With a respective scan. 

* * * * * 


